Introduction
Unexpected diagnosis of cancer, especially extremely rare hematological cancer like non-Hodgkin's lymphoma (NHL) during pregnancy is a concern to the patient, family and obstetrician. In our systematic review, we identified 3 earlier reports of rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone (R-CHOP) chemotherapy for diffuse large B-cell lymphoma (DLBCL) during pregnancy. All these case studies were described by hematologists, and they did not focus on the pregnancy outcome. Here, we report a rare case of DLBCL successfully treated with R-CHOP chemotherapy during pregnancy and associated with preterm birth. We also performed a systematic review of literature for similar cases.
Case report
A 24-year-old pregnant woman (gravida 1, para 0) whose medical and familial histories were unremarkable, presented with sore throat and a palpable mass in the right submandibular area. Neck biopsy of the submandibular mass revealed DCBCL, a subgroup of NHL.
She was at 22 weeks' gestation at the time of diagnosis and was recommended for termination of pregnancy at a different hospital. But we explained the risk of chemotherapy in pregnancy to the patient and her family before chemotherapy and the patient and her family agreed to receive the chemother-Rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone (R-CHOP) chemotherapy for diffuse large B-cell lymphoma in pregnancy may be associated with preterm birth Lymphoma, especially non-Hodgkin's lymphoma is extremely rare in pregnancy. A 24-year-old pregnant woman was diagnosed with diffuse large B-cell lymphoma (DLBCL), a subgroup of non-Hodgkin's lymphoma, at 24 weeks' gestation, and was treated with rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone (R-CHOP) chemotherapy. After 4 cycles of R-CHOP, she delivered a healthy baby via cesarean section at 34 weeks and 5 days' gestation because of preterm contraction-related fetal distress. The patient was administered the remaining 2 cycles of R-CHOP after delivery. Follow-up magnetic resonance imaging and computed tomography showed complete remission. Here, we report a rare case of DLBCL successfully treated with R-CHOP chemotherapy during pregnancy, we also performed a systematic review of literature for similar cases. There were 3 earlier reports of R-CHOP treatment for DLBCL. All cases, including our case, resulted in preterm birth. Together, these findings suggest that R-CHOP chemotherapy for DLBCL in pregnancy may be associated with preterm birth. The patient was treated with R-CHOP chemotherapy immediately after evaluation for reproductive toxicology and receiving approval from the hematologists and the patient. The patient and fetus were closely monitored before and after induction of chemotherapy. The patient received the standard dose of R-CHOP every 3 weeks: 375 mg/m² rituximab, 750 mg/m² cyclophosphamide, 50 mg/m² doxorubicin, 1.4 mg/m² vincristine, and 100 mg/day prednisone on days 1 to 5. A total of 6 cycles were planned. On the first day of chemotherapy, the patient complained of mild skin rash following rituximab infusion, which resolved following an injection of hydrocortisone. After the second cycle of chemotherapy, she had preterm contractions, which resolved following treatment with tocolytics (magnesium sulfate) for several days. Follow-up neck MRI showed marked reduction and almost complete disappearance of homogenous masses both in the neck (Fig. 1B) and right tonsil (Fig. 1D) .
After 4 cycles of R-CHOP, she was admitted to the hospital with preterm contraction at 33 weeks and 2 days' gestation. Nitrazine and premature rupture of membrane tests were negative, and the fetal estimated weight and other fetal recordings were within normal range. Emergency cesarean section was performed at 34 weeks and 5 days' gestation because of fetal distress (decreased variability:recurrent variable deceleration).
A 2,560 g, healthy baby girl was born with an APGAR (activity, pulse, grimace, appearance, and respiration) score of 7/9 without any complications. Echocardiography, brain ultrasonography, blood tests, whole body radiography were performed on the infant on the second day. Echocardiography showed a 1.2 mm patent ductus arteriosus, which was closed the following day. All other test results were unremarkable.
After delivery, the patient was administered the remaining 2 cycles of R-CHOP therapy. The follow-up computed tomography and, positron emission tomography/computed tomography scans showed complete remission. At 13 months after delivery, the patient showed no evidence of lymphoma, and her child weighed over 10 kg and did not show any developmental delays or physical abnormalities.
Discussion
Obstetricians are often reluctant to administer chemotherapeutic agents during pregnancy because of their relatively low molecular weight, which allows them to cross the human placenta. The teratogenicity of these chemotherapeutic agents largely depends on the timing of exposure and the kinetics involved in placental transfer. Chemotherapy during first trimester of pregnancy may increase the risk of spontaneous abortions, fetal death, and major malformations, as chemotherapy could interfere with organogenesis [1, 2] . The main embryonic period associated with major anomalies in heart, neural tube, and limbs is between 5 and 10 weeks' gestation. After 10 weeks' gestation, functional defects or minor anomalies can occur in the palate and ear. A recent case report described a patient who was diagnosed with primary mediastinal large B-cell lymphoma (a rare variant of DLBCL) at 12 weeks' gestation and received R-CHOP therapy from 13 to 31 weeks' gestation. The patient delivered a healthy infant at 34 weeks and 4 days' gestation prematurely [3] .
Although exposure to chemotherapeutic agents in the second and third trimesters is not associated with malformations, an increase in the risk of stillbirth, fetal growth restriction, preterm delivery, and low birth weight is possible. Exposure to chemotherapeutic agents in the second and third trimesters is considered relatively safe for the patient and fetus compared to exposure in the first trimester [2] . In our analysis of the 4 cases including our case, there were no major complications except for preterm birth.
Lymphomas are rare during pregnancy and NHL during pregnancy is extremely rare. If the treatment cannot be delayed until delivery, chemotherapy can be considered. The CHOP regimen has been commonly used in NHL and is considered safe in the second and third trimesters [4, 5] . An earlier study had reported that R-CHOP shows better prognosis than CHOP therapy in young non-pregnant DLBCL patients [6] . Considering that most pregnant patients are in the young age group, R-CHOP chemotherapy is more efficient during pregnancy if rituximab is not harmful to the fetus. Rituximab is a monoclonal antibody directed against B-cell surface antigen CD20, which can cross the placenta. According to a previous report of 231 pregnancies with preconceptional or antepartum exposure to rituximab, most pregnancies resulted in uncomplicated live births. Two congenital malformations (2.2%; clubfoot in a twin, and cardiac malformation in a singleton birth) were reported [7] , and it was similar to the risk of general population. It is remarkable that the preterm delivery rate (19%) [7] was higher than that in the general population (10% to 12%) [8] . It was concluded that rituximab is relatively safe during pregnancy [7, 9] .
A systematic review of the literature identified 3 cases of R-CHOP chemotherapy for DLBCL during pregnancy, with successful deliveries (Table 1) [3, 10, 11] . The first case of a pregnant patient with DLBCL treated successfully with R-CHOP was published at 2006. The patient was at 15 weeks' gestation at the diagnosis, and delivered a healthy baby at 33 weeks' gestation [10] . The second case was a pregnant patient who was diagnosed with primary mediastinal large B-cell lymphoma at 22 weeks' gestation. She was treated with R-CHOP successfully and delivered a healthy baby by cesarean section [11] . Remarkably, all 4 cases, including our case, resulted in preterm birth. Our patient was treated with R-CHOP and the infant was born at 34 weeks and 5 days' gestation prematurely. Together these findings suggest that R-CHOP chemotherapy during pregnancy for DLBCL may be associated with preterm birth.
In summary, a patient with DLBCL at 22 weeks' gestation was successfully treated with R-CHOP chemotherapy, and underwent successful delivery through cesarean section. The mother and the baby were in good health; however, the baby was born prematurely. We believe that although R-CHOP chemotherapy Eun Ju Lee, et al. R-CHOP for DLBCL in pregnancy may be associated with preterm birth, it is a relatively safe option for the treatment of DLBCL during pregnancy.
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